A relatively simple and inexpensive device is described which can be used to provide a highly homogeneous solenoidal magnetic field when the solenoid windings are inadequate. Design considerations and experimental measurements are presented. A fiel d strai ghtness of approximately 10-4 radians has been achieved.
I. Introduction
There exists a class of devices requiring a long, high current density electron beam. Typically an electron gun with high electrostatic area convergence [1] is used to yield a current density higher than the cathode emission limit. This beam is then injected into a rapidly ri5-i r.g sol anotda1 n:.agneti c fi e1d tv further increase the dens i ty [2] . A common app1 tcatton of thi s technique is the microwave travel ing wave tube [3] .
Some devi ces, however, requi re a very II hi gh qual i ty" magneti c fi e1d [4] . The axial field may be required to deviate from straightness by 1ess than 10-3 radi ans • Expressed another way, the fi e1d 1i ne on axi s would have a transverse deflection of less than 0.1 rom in a 10 cm axial length. The standard method of achieving this high quality field is to take great care in the winding of the solenoid. If high magnetic field strength is requi red, 1arge cross-secti on conductor must be used for cooling normal coils, and this limits the winding tolerance. The standard solution is to use a supsrconductf nq solenoid with small diameter wire [4] .
A method to ensure high field quality has been developed, using normal coils only. A structure consisting of a series of annular iron discs (i.e. flat rings) located within the magnet winding minimizes the transverse field components on the solenoid axis. This magnetic field "homogenizer" has enabled us to produce a field region which is straight to within 2 X 10-4 radians over an axial distance of 60 em A -2- 
II. Background
A number of devices call for an axially propagating high current density electron beam. Microwave traveling wave tubes are perhaps the most COl'llllOn such apHcation. [3] Another is the Electron Beam Ion source, or EBIS, [4] which is a device for producing highly stripped heavy ions (e.g. Kr 34 + , Xe 48 + ) [5] by containing the ions within a dense electron beam where successive electron impact ionization leads to high charge states. A high current density (up to 10 3 A/cm2) is produced by injecting an electrostatically focused beam from an electron gun into a steeply rising magnetic field. The beam is compressed by the field and a high current density ensues. Matching of the beam to the magnetic field has been discussed by a number of authors. [6] For the compression to establish a uniform, high current density beam the field must be of very high quality; in particular the field line on axis must be very straight. This means that any off-axis transverse field components shoul d be aztmrthal ly synrnetric. Empirically, various investi gators have found that a fiel d strai ghtness better than 10-3 radians is required. [7] We are constructing such an EBIS device at this Ieboratory, The To assess the necessary ri ng thickness, a, assume that one coil is displaced from the axis by ar as shown in Fig. 3 . The non-axisynmetric component of f1 ux due to the di sp1acement enters the i ron near /J = 0, and leaves the iron near /J = w. The additional flux entering and leavi ng the i ron due to the di sp1acement is therefore proporti ona1 to cose, and the maximum flux in the ring is proportional to1 12 cos.6d.6. Let the current density in the coil be j Amp/~.
-4- therefore the outer radius will be determined by space considerations.
For the ideal syrrmetric case the J'lngs produce a ripple in the field magnitude on the axis and do not affect the straightness. The allowable ripple will determine r 1) the inner radius of the rings. The perturbation on the axis due to a perturbation at r 1 is given by
IV. Configuration and Measurements
The homogenizer, shown in Fig. 2 , is made from well annealed, type 1018, low carbon steel. The ring dimensions are 37.6 cm 00, 26.7 cm 10, and 1.3 cm thick. Repeated machining and anneal ing was performed to ensure a homogeneous permeability. Three spaced rings are located under each coil, machined to a tolerance of 25~m. Cylindrical aluminum spacers and type 310 stainless steel rods provide a rigid clamping structure with low magnetic susceptibility. The rings in the finished assembly are parallel and coaxial to within 25~m.
The field quality has been measured, using the technique of Nishihara and Terada [8] . The resolution of our magnetic (Hall effect)
probe assembly is such that a devi ati on from strai ghtness of approxi- figure 7 shows the beam trajectory to be straight within !50 um (the limit of resolution) over an axial distance of 55 cm.
The field axis was adjusted to achieve these results by slight shifting of the homogeni zer. Through judi ci ous adjustments of the ti 1t and transverse position of the homogenizer, a field line passing through the " center of both pole pieces and nonnal to the first polepiece is obtained.
v. Conclusion
A simple piece of hardware has been described which can be used to produce a highly homogeneous magnetic field when the solenoidal windings are inadequate. The field straightness produced in this case is approximately 10-4 radians.
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